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(57)Abstract: 

PURPOSE: To realize such an optical element that is 
inexpensive and suitable for mass production and has 
both properties of a 1/4 wavelength plate and for 
separation of polarized light and to obtain a small- 
sized optical head by using this optical element. 
CONSTITUTION: Periodical proton-exchanged layers 
2 are formed on one surface of a lithium niobate 
crystal substrate 1. A vapor deposition film 3 is 
formed by oblique vapor deposition of tantalum 
pentoxide (Ta205) on the other surface of the 
substrate 1, Since the refractive index of the proton- 
exchanged layer 2 is different from that of the 
substrate 1, the proton-exchanged part shows 
properties for separation of polarized light. The film by 
oblique vapor deposition shows properties as a 1/4 
wavelength plate. Thus, by forming the optical 
element (A), enough accuracy for flatness is obtd. and 
the element can be made thin. 
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S«?5^ife:^0®(;i3i:^{t;^5^>^5^>'^ (Tai Os) ^^MZ 




} 

(S i 02) -csi^^ix. 

wiw,m2(DKMV5±m\tzMit^^m (s 102) 

^^b^5^>'^/l- (Ta2 05) t^^^-g'^*:-C^fi^$i^. 

Fz) xm^^fhtLh(Dxh)t>^h%i^mt'r^m'^m 
[If 5 1 m^^mmm(Di^mtmitmx^r) . 

(S i O2) "C#l^^=ix. 
B&IS^2<?:>SME5jhM(imflSL i TaxNbi-x03 (0 

(sioz) xm^^fhi>m\<omt^<r>±K^ 

^/i- (Tazos) -ej^^^ns^soMt^ojttmgg 
it^-^m (s i 02) -ej^^^n^>^4 co]^o2^^]it 

iTaxNbi.xOs ( 0 ^ x ^ 1 ) jeSS;teco©J:tcj^ 

BulBL iTaxNbi-xOa (O^x^l) IS^SfeO® 
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(H*) (C>r:^-v5^g|i-5>^2 0Xgi:. 
mffS^ 2 oxm-C-r ^ i^x.fz.m^^'mm Ic^ :y 
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BSfSL i T axNbi-x03 ( 0 ^ x ^ 1 ) 

{k^j^^^^yp (TazOs) -C»3b5 ^ i: ^ -T^fff 

[iS3}^^9l LiTaxNbV-x03 (O^x^l)S 

Hicoxmi:. 

mffSL i T axNbi-x03 (O^x^l) l£^S:teCOte 

mrlSL i T axNbi-x03 (O^x^l) IS^SfiOfife 
(Dm(Dm^^2<oXMX'm^^h.ti'^:^^^<^—:^X^ 

'&^ixtLmm^i^y^^x]}^^j>.^^>^ (Li*) ^^tks? 

>r:t>' (H*) \^^:^l^i^^'r^m3<DXMh^ 

im:^^ 1 0 1 mrism 1 coxm(c*3tt^»^mwi. s 

^{k^^^V^/v. (TazOs) -CfeSr i:$r#ai:i-2»if^ 

30 mim^^m^\zxv\B\^:^ntzm^^t:AkfLx^ mria 

40 ^m^^^^l<0%^mmt. -li^3fe€rA^Lr. g9 
g^WSit. ^:ir<i-f-^>wt^4t»i:'t-5if3}i3gl IIB^ 
[iS^^l 4] t^lB^t^^^^ti. M^:^mzx^x^ 

IS5*?^l 1 <??5t--5' Ko 

50 m^^vj^7M.m^±\z;h^x7sMyt(oRM^^±'r^ 



-2- 



3 
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[0 0 0 1] 
[0 0 0 2] 

m^^nm^ 3-29129 ^^^n^m) . 

[0 0 0 3] 131 5i-±^^<Dyt^^y K (yt\f y T yZ^ 

1. <^^6^mm^i 5 2. y->5^u^^xi 53.1 
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[0 0 0 5] U^^mm^ 152 -Cfl. T'n h Vif^g 
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4(:i0iJxl^7K^"C«fi£$nfc^jKJ^5fe^^^-C35^o -r 
3feaii 5 Id*^£i3;^$ix2)ii:ili|{g)t<?:>u-if3fc 
(ii/4i^:g^i 5 4lcJ:oXR{13fetc^^$ix<5o ^ 
fc. l/4iS;g:Kl 5 4(Cj:oX*:7^^^:?' 1 5 6<OiS 
ii^-C^^ix:/!:: V— !?'3t«:3\^« 15 1 <om^^(oU^ * 

An • d = ;L/4 
CCtC, (1) ^O^SAn • dfi«3ttSS*03tK 
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iSOfe^SrgJfei-^o :^yb)t«^mi 5 8(i3t7^>r'^ 
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[0 0 12] 
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So 

[00 13] 1/4 2^:^:^1 5 4 tC*3V^•r. \ / 
:K1 5 4Sr^^-rS7K^<0^3tlc*j"rSJS^^i:m«3t 
icMi-SJS^^ a: (OUA n (Ujl^iS^^^A n ir^^i") 

S^026:g^X a:i-Si:. 1 /4^^:^«i: LT<o^t®$^ 
i^o/i*tcf±^^(0 (1) ^mS:U?'j^{tixr^/jrb?'j:v\ 

• • • (1) 
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d = A/ (4 - An) 

[00141 ( 2 ) ^\c7k^<Dmmm(ommm^A n = 

0. 0 0 9^ t/t(Om^ X = 7 8 0 nm^itXi'^t. 1 

/4K:S:tetOi?;9-li. 3t2&M€rAn • d= (2N+1) 
So l/4iS:^:tel 5 4^<0t>O;6S0. 5.m 

[0 0 15] ^fc, 7K^-ef^bnfcl/4iS:g:Kl 5 4 
<0^^li_hiBLfc.t 9tC0, 5mmi:@V^Ot?. 1/4 

tC|a;^iitf^, l/4tK:g:K<D^:^lCii5V>f|S^i^^^ 

[0 0 16] ^-^y h'<Dw^j:^/mit^rrz>tii^\a±. 

U^^mm'f'l 52t l/4i^:gSl 5 4^*i!?'8':b-^ 

[0 0 17] ^h\zmm±?^^'v^^M^m<Diy4m 
5 4<Dmma:tm^t)^^^^ ^<ommmm<ox 

/'4^^^mmTh^o :ifDtitb. l/4iS:^^15 4 

tu^^^^m^i 5 2^—mc^^\c9ctf:^x. \/4 
[0 0 181 :^^mn:i<ox^^mM<Dmm^^m^'r 

1 X 4^^m(Di^W^'B't>'\t^h. :km±m\z\^^^m 

[0 0 19] 

[^$:^»:i-Syi:J^)(^^S] m^^KO^WU i^^t 

[0 0 2 0] tS3i?^2(^^?gti. u^:f7r^\cx^xmm 



(4) ^mW-B - 1 9 0 0 1 9 
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• • • (2) 

mmr^<oRki^&5±i-^m2<D^^m±mt. ^2<dk 

^26^^^±tcfooT. AM3fe^SM€rE^Jhi-5m 

[0 02 1 ] m^^y<o^m\-t^ ^ :ti^i^^m-^:^^^< 

^ — i T axNbi-x03 (O^x^l) IS^g:^ 
<^®i:l-J^^-f-S^l (OXat. LiTaxNbi-x03 

10 ( 0 ^ X ^ 1 ) m^&WL<r>m<r>m 1 0x^00-^;=^^ 

— >X^-&^h.timmzi^\^^X^ ^r>A-r;*-i^ (L i 

O ^7k^^:^> (H*) i:i^^:/$fifei-?)m2(DX^ 

m2(DXMX'^:^l^i^^^f\.t:.m^t:mm.mz=^v 
"f-^^i-^f^SCOJuUt, LiTaxNbi-i03 (0^ 

x^i) !^^m^<o^<omz. m^m^m<Dmmzni. 
xmmi^^'¥-t:^ib\zmmi^. mi^m^mt:m^'r^m 

lO 0 2 2] IS^^9(0%igti, LiTaxNbi-x03 

(osx^i) f^^m&<Dm±\zf^^mmm<Dmm\zsc^ 

mKOHmt. LiTaxNbi-x03 (O^x^l) 

't^m2<OXMh. LiTaxNbi-x03 (O^x^ 
1) t^^mWL<0{ia,<Dm(DM2^:Lm.<0^:^'i^^<^ — >X 
. m-^^^lt.U^Xz.^ ^)^^J^Aisri^ (L i *) j^tK.^^T 
(H*) t;i^;^->'^«|-r'5^3coX^t. mstOX 

[0 0 2 3] lt^:Sl lO^l^fi. ^\i — \yl^Vf^%^ 

yt^m'F\:ix^E\m^titz\B\m^^?^i^x. ^^mm 

[0 0 2 4] mmimn^myti^<DmmzMvx^i^\z 

m^mtfj:^o m^^i:Rxj^2<D^^m^xi'i. uyt^ 
40 mm^<r>^nti/4w.^wL<o^'S.^^f^^n<>^o. 

^mtMyt^mm'=F(Dm^\zxhm^m'^\zit^x^ * 

C<D3fe^^^tcA<53t<^AM«<Oj^^tj^J^/jr<^^0. 3t 
t;iJ|5tM^4'X_-6Cli:/<t<. + 1 ??cIH)^3t i: - 1 ^^Isl^5t 

[0 0 2 5] 7 RXf- 9 <^*:^^^<OMit:i^&-C 

it. L i TaxNbi-x03 (O^x^l) 
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^mW-S- 1 9 0 0 1 9 



^ :t>^mm<D^ytRx^m'^yt<ommmt l i t axN 
bi-x03 (o^x^i) <om^mm<o'^^Rxj^mnyt(o 

[0 0 2 6] ^ytL i'T axNbi-x03 (O^x^l) 

[0 0 2 7] ftjj^^i 1 (05t-v.;, K-eti. ±mi>^hmkt 

[0 0 2 81 

1 mmmm m i ^mm(Dm i mmmm\z^^ 20 
>iimm2. i^tbmmm3(o^mmyk\z.fj:<,x^^^o =- 

^^mV'^^M^mi&li^. L i TaxNbi-x03 (0^ . 

x^i) ofb^^^^r-rei^^^^xs-cj^^^Hfc^:^.. 
m\zmM^\z. v^^j^m^ (Li) (D-mipi<^m^ 

(H* ) t;iJ;orSg| k-^xjY:^^m ^ixTJi^^^ 
[0 0 2 9] roJ: 9lCltfiK$iiyt^^^fi-^(C:^n>y' 
(Ta2 O5) 

iStc-SfJ u-c 7 oao^S;!i-ib^^$ix:/5:IRlPi^Tfo^o 
[0 0 3 0] ±t^c73)t^^^^A<oSit:j^^fetcov^Tfi^ 

Tv^<5:/n h>'3;s«|^2<o^©(i-;*-:/g&y^r>A^fi 
io^®tclt-^TSI<3^jr$ixTV^5o ^(om&^^'f^. 

[0 0 3 1] :*:^J£J^ffi-C(lia 7 Ic^r J: ^ 40 

0.0 7^/jr?»o ^:fci/4S:^:Ki: brf^^$i3:<5;t 
«6tcJi[co^$»i2. 6 /xln^c/j^o•CV^:5o * 

xl =An1 • d1 /cos 01 
CC0^^^d«l/4 2e:^fii: UTcoi4l?^^}^oO-C. An 
1 • d1 = (2N+1) x/4 (NJ^eg^S:) t/j:?). ^ 

xl = (2N+1) X/4COS01 



* [0 0 3 21 3Bimit^>'^^i-m^^^:^mm±\ci 
mmi^x. i/4^^w.ti.xi^m'r^^mmm^m& 

i-^:^&tmmBS6 3-3 1 2 9 7 0 (CiB^^ixTV^ 

[0 0 3 31 m2 it:^m^mm<D^^m'¥'A(omi§mm 

ivt? V^<57K^K^O 1 / 4 K:^:Ki:«3it5>^^^^$rft6 »? ^ 
fr6t,ic:rt:I3 2(i, ^®iS051fc^«:^^^AlcA#t ^ 

m^^i^x^D. m^<7^:^m<Dt^^<D=fmm\zx^xiu 
(0 0 3 41 m3\tyk^Bm<Diy4^-M:WLt<^tft^mm 
m^<D^m^t ^=^i^^'^xnti=^wf^^^i.x\^^bo 

itm3<D^^m<Dm^n=f»m^mAyx\f^b. :i<d=f^ 

m<om^i>^h^^'ftTSl§^m<Dii5L^n3 8mX imX = 
[ 0 0 3 5 ] l /4 2S:g:tei/jr55:^ 

^^m^^-izm^'f-bz.tii^x^b^ :z^{zMLxv^m 
mx^^fzx 0 tcTK^ssio 1 / A^^m^u^^mm^ 

&x:hb^^wi>^^bo •zH\zM\^xmmxit. m^^m 

^<Oi^'S^m-ttlib(Dm^b<Om^Xlhb 2. 6 ;i mCOm 

w^mmm\z^^m^^^z.h\t^^%\z7^Bjx^b, ^ 
[0 0 3 6] ^mmmmfD^^m^At. ^^(o 

h^b. ^*<??l/4iS:Sffil 5 4-Cfi. ia4(C:^r<t9 
tc. aJS^(c^3(t<5F^S^^cD|i-efo^S^^II^An 

'rbt^(D!tn^y.^n9:(0 (3) ^<OJ:plc/jr5o 
- • • (3) 
(4) ^C;&5^^*^^)o 

... (4) 

i^m (01 = 0) co^#03tl^l^3&^bcO'rtuAxmi9cco 
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(5) 9tc/jr<5„ 



Axl = (2NH-1) X (1/COS01 -1) /4 



(5) 



x2 fiScO (6) ^<OX.o\:ifJ:^o 



(6) 



(7) 



[0 0 3 7] :^^m<D^^m^A'x^\t^ yt^m^A<Dm 

x2 =An2 • d2 /c o s 02 

o<DT. An2 • d2 =X/4t?:t>?. 9cO (7) 

x2 = c o s 02 

ctor. 02 ^Ocom^lzm-^t^^^tD-r^Ay.! JO ti. l^O (8) 

Ax2=A(l/^cos02-l)/4 •••(8) 
[0 0 3 81 ^3tS(^7k^©£Ol/4^S:^feO^;^flO. . ★N= 1 1 i: /jT 13 . (5) ^ti9:(D (9) ^(DXo\Cfj: 
5 mmm&-Q^^o "^^(OmtrO. 4 9 9mm t-t^t ★ 5o 

Ax1=23A(l/cos01-l)/4 --.O) 
Ax1 i:Ax2 d5^L< ;^j^^>i:§^(cn, AM^ 0 1 ^: 0 
2 fi. (8) (9) ^iUSct^ (1 0) 5a:og0^.^l!t 

23 (1/COS01 -1) = (1/COS02-1) • • • (10) 



(10) ^t^h. Mine^ tiim-ri\.f^t^<D!ftn^ 
(1. 4.8mt^j:^o v^^x:^mmmm<oyt^m^Ait 20 

[ 0 0 3 9 ] ^ (6) IC*3V^TIi. M«)^^i^.3 COS^ 

(^i:%:^^ixSo "^yb. it^lBBge 3 - 1 3 2 2 0 3-^^ 

ixfi. C(DlS®^cOA^^ft#:^it^btC/h$</j^!?. 
5fe(^Att^tcJ:5 l/4iS:^:tei: \.X<o^m.<omVc^'m 

[00 4 0] £AJ:(0 J: b 1 IliSJ^JSlc 

$e3f$co^3t5^^^^i:;4c^Soi/4i^:^Sa:^ft& 
[0 0 4 1] /j:*5v millJ£?^fii-CI;ic=::r:/^i;^r>iH 

^mmh \.xm < mmi^m so^ms 5 izzru 
h>!S^mm2<D±\zmmi.tii,(Dx:hoxh. m^<D^ 

^t^m (#§IBS 63-314502 -^^^ 

ra) o ^fcx i(#&^BS6 1 -8 6 7 3 l-^^^^#§^Bg6 
3-2 6 6 04-^^^tC^$n;tfil5g(O^^tc, 

[0 0 4 2] m2mmmm) mi(oyt^m^Ao:>mi 
<Dm^k:^m%:m6^m\^^xw^mi-^o ^-riaeo (a) 



^^-tj^yi- (Ta) me o^mmi-^o mmeco Cb) 
^^'^J^/^^e 0(?3^©tc37;*- h y V:/^ 

m^i-^. ^l.xm6<D (c) tc^-rj:5lc. ^(ou-i;? 

^6 0CDx^•<$^->-^?^^-r<&o 

[00 43] m6(D (c) {c^-t^ t^^ji^me oa^-^:^ 

^$:^^^=^^:/l^V'f-^J^mWLi ^2 3 orofD« 

4^. -;^-y@^y;f-e^AgSi o^>'>5^/wm6 O^^^U^i: 
V (ii^SM^ tc J: o T n g!^^^ {^S $ i^r V ^ 
So El 6 CD (d) (;i^-f-J:5l-. iim^ir:^ 

■o^'tc(g|6(0 (e) (c^-ri:5t-. 'Pv'^^^Xs^v'^ 
>^ffi+-C^5^>t5^/WM6 0;&$^5fe$i^S^^tcy^ h 

5E«^^2;&5^^6e,icai^^^:xi/$^^5^ ft^tcEieo 

(f) tC^-f-iiptC. h>'5?ifeg2 0fffib^tV>® 

^Sfe 1 <D&j{aic^b-C 0 = 7 OS(^:^g-c^«)(;i^^ 

[0 0 4 4] ^}hmmmz^um-^^. ^mm.^%< 

'f^i^}h\zM^(0 (e) (0-JimXX^1t.%=^'%:nUXlB 

it^mz(0':f^ h^'Sfgl^^^. :7"n h:/fSfftJi2co^ 

fl=d>ib-rix<5^IMitdSfo5o ^C-e. -fuVi^^^z 

d^P>:7'n h vSfg|^2(D^®^-Coai$<oaS^«=d*'b 
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(d) lC^-t->^o h^-5fg|(35X^^. |2I6<D (e) IC^ 

[00451 060 (f) OXgl??^^$i^S^S!>S5l^ 
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mznmm —u^m lx^:^^ ^^tf^vtm Lmm -e/jr v ^ 
xi>x\^\ m^mx.xmti'^;^m^m\^^^ttit. ± 

|BL:feJ:9tC^n y>^^2<Dzfa 
[0 0 4 6] Vt^<D7k^m(0 1/4 U^^Mm 

fi{^m\z.m^fi^^^(Dx^ ^^^^^^ Y\z.u^\Ltsh 

[00 4 7] wilier L:*:^JS?g®coS3t:^r«fe-Cli. :^ 

^(otift^m^A^mmcmmx^^o z<Dztn^^<D 

fz-h<D\ztt^X. i&m^X:kM^m\:i\^}^^ith(Otfj: 
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[0 0 4 9] mzm8<D (c) (c^i-J:5l-. 

KDy^^-^^m^i-^o ^b-CiaScO (d) iZT^-tX 

Ify^^^AStgKi. 2 3 0*C<??t'nfi|^$r^V>Tj!*?l 
1 0^ra^^^l3il^i^, I§I80 (e) oj; 

T^^DjS®s^s^^^»S^i^rv^<So :^S&tcEi8o (f) 
RXJ^ (g) t-^i-J:7tc, Eiso (e) com^^y^m^ 

n1 = (hlnX hair ) 
CIO (11) ^tCnLN= 2. 2 5. HAIR =1 ^f^A-f 



. ^mW-S- 1 9 0 0 1 9 

J2 

[0 0 5 0] coj: 9/^®ig:^&-efi. -i^T'Sey^e^ 

^S^te 1 {c^ 1 0:?^D-fe:;^T^j6^^M 3 tm^^H^ 
<DX. Zft2 h>'^^^260:/n hV^^ai^-^, >^D h 
2 co^St^^;*-^/^ y A^fe 1 l^®;6^ib<?5 

S?l^^2i^3iy^:/^i-^,^-g^, :7.^^^'g-tfai-/^v 

^m\zmm\^xi.%0o "t^x, ^<Dmm:^m<oj:o\z 

[0 0 5 1 ] w 2 cojSig:^&(i^ 1 oSig^gfe 1 1^ 
^1 St/m2Ssg:^&-efi. :/u h i^^sfeoz^ife t bx 

me o$r^L/J^v^®tl{^^^M^^cioT^^-p>i^^^i^ 

[ 0 0 5 2 ] JilB^ 1 2 oS5t:^5felc 

^^tcioV^-t(i. ^^*-:/i^y^^>^S4Sl<o^®tc^LT 
h>5f«l^2<?5^BidsaaA/-CV^5;5s. lastc^-TJ; 

v\ i!al:P:^coV^■Cfi±laLfct><^i:^^l:<. i&ffil^-C:^ 

[0 0 5 3] (B4||^Jg®) I§i9fi5^^i5gom2C03t 

^^*^B*i-;4-ySfti;^lJ^JxgSl. >^nh>3^g|^ 
2. :^ie)lS^]^3. -mt^i<m (S i O2) 1^9 0. 
m^^MB lJ&,XJ^y^yit'^i!r:^->^J^ (MgFz) ^9 2 

[0 0 5 4] -mit^^mms oii=>^ymv^^j>^m 
&Li(Dmmx<D7^yt(o^^±mxi^^o 
wtV'^^j>^(ommm (3S^)2.2 5) ^niN. ^^^mm 
m mi) $:nAiR t-r^t. Rkim±m(ommmn^ 
it»i<o (11) ^xm^tih. 

• • • (11) 

-$^^^1^9 0(011:$$: (2N+1) XX4 (IttTvW^ 

[0 0 5 5 J ^J:tc. iS-^M9 1 \z-z>\,^x^^^^ m-B-m 

9 m:zmit^-($^ t^mit^>'^^>t>^hf£^mx^ 



(8) 
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J3 14 

n2 = (riLNX nd ) 
[0056] :Z(D (12) ^ICnLN= 2.2 5. nd = 

n3 = (nd x dair ) 
CO (13) ^ir nd =1.6. nAiR =1 ^f^A-^-S 
iTx ^#t55JhJ^OS^^n3 fil, 2 6 Ld* 

tiSiff^^n. 3 STfoP. 1. 2 6(C2£V\ ^oT^^ 

-^^^^^^J^m^ 2<Dm^^ (2N+1) X/4 {XVX 

10 0 5 8] ^^^±<D^b\^-mt^^mm9o%:=^:^^ . 
^5^>'Wd>e>/<f^>ia-a^]^9 1 ^=^^:/mv^^M.m^i 

[0 0 5 9] KM^±m(ount Lx-mit^^ms — 

(B5||JgJ^®) Ell 0(im3(0)t^^^^CO«^S:^ 

i-^Eia-rfcSo 1211 o^;l^3v^T. 3fe^^^=-cH3ti^^ 

is?>^lr]^3tc;DDx.T. -@f{b^-r^M9 0. 1 0 0. 1 

0 3. 5:^{b^>'^?/uj^i 0 1. l0 2^^rLrv^5o 

[0 0 6 0] *-f. ZMit^>(mm9 0\ZO\i^xm-< 40 

r@g{t:^-<^^9 otiJiis^4^tSj^li-ciE-<fc<t 

B^ihi-^]^"Cfc<5o ^^>A<oJ^^ff^Rtl^^^'A' 
^(ml1-^tn12xns)n3-(m21+ln22xns)} / {(m11-fml2xns)n3+(m21-nn22xns)l 

• • • (14) 

m11=cos^lXcosi3 2-(n1/n2) xsin i3 1 xsin/5 2 
ml 2=- i (1 /nl X s i n J5 1 X cos B 2+1/n2 x cos ^ 1 x s i n 5 2) 
m21=-i (nlxsin^ lxcos3 2+fi2xcos ^ 1 xsin^2) 
m22=cos i3 1 X cos i3 2- (n2/nl ) Xsini31xsin32 50 



*^M30J®^^ mi. 6) $:nd t-T^t. ^B^Jh 

m(Dm^mn2 \-i.^<D (12) ^-e^^FH<So 

• • • (12) 

^^-5o 'r^j:t>^. m.'^ms i ^0^^$: (2n+ d ;l/ 

[0 0 5 7] -7 vit-^ Jxm^ 2^CoV^T 

AIR t-t-st. Rii^m±m(omi^mnz \'m<o (1 3) 

• — (13) 

[0 0 6 1] g:tc. :=-:tymv^^M.m^i h^mit^ 
>'^ji-<Dm^m^m3(ofi!i\z.:h^~mit^^mmi 0 0 

^i^^w^b-c. ^5^JSJ^^<^J:p(cS;^nt®^^^}^ 
o 2 ^(Oi^^j^fig-^^) t tc ct D S^g^iHMi^Jg^T^ 

:=^;*-:7'^!;^e^^^:tel i:^«6^^M3 tO#S-CCDS 

[0 0 6 2] rCT. ^:Kl 0JitC2^coM^J^*U;?i: 
t%<oKMm\co\.^XWt^i-^o 01 1 

^:Ki oojsK^^^rn s ti-^o m^i 0±iDmimi 
Kom^mBLXim^^'t^'ein. ni. dit-r^o 

^^L<Dm^^Xt U3feLttm2®[l 2 tmmi 3<0^ 

m<oi^^n¥i\^m^^xmmRM^.»^^ib^ ti^iD a 

4) ^(^J: pt-^ct^o 



51 = (2x 7c/X)nlxd1 
^2=(2x ;t/A)n2xd2 

[006 3] ^^mitmmK^m^<omMm(02mxn 
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(9) 

J5 

[0 0 6 4] mi 0^c:fcv^-c. =-yi":fl^V^^J>^mWLl 

t^it>mmm3(om\zih^^mt^^ mmi oot^m 

(14) ^lci3V^Tn s t;i^^y^i;5^e7ASS 

:l<om^m (2.2 5) $rftA-r?). nW^LZLmit^^ 
^Ml 0 OCPS^^ (1. 4 5) ^ftA-t--5. n2tC3i: 

mt^>^/x-mi 0 1 (om^m (2) <^ft:Ai-5. 

Xn 3l;i:^e6^^]^3(^S^^ (1.6) ^ftA-Ti^o 70 

^Mi:7 SO nmti.itm^. nmt^^mmi 0 0 t 
m.m\:,^>^ f^mi o i 0.021 

3^m. 0.0571/z mlci-^> h . KM^$r^^lC 0 

[0 0 6 5] ^\z.^ ^^mmmz±.\z:h^35Mit^>'9 
/uj^l 0 2 i: -gf^b^Jr^ 1 0 Zh'Vm^^h.^2m 
ll[|cov>-cU£l^"J-^o ^^0 2M^^litc?^M^i:^^^)St^]^3 

SrJ^^Lfco Ld^U ^i^^lf]^3(D@W^;&5l. 6 i: 20 

-e. b k.\t^mt^:y^^^m 102 <Dmmt: o . o 4 

1 6 /X Zl^^k^-Y 10 3 (Omm^ .0.1688 
7imt--t-5i:. (1 4) ^<i:!?iS:^d5 7 8 0 nra<6%\Z. 

n\.xisLmt^:^^^\^m \ o 2(osiiis.t;?-@^{b-^^^^ 

1^1 0 3<^Mi?^^S^^fi=lc;^^:5i: ptc^tf-THf^A 5(? 
[0 0 6 6] ^7t, ^8^>S^li[3fi@J|g«^^i^fcii:^,/c 

^V^<5$t^$r:^T^J^)Sg^M3 tC^V>^ctt?ftc^^(D^ 
[0 0 6 7] ^±(O^0{^rMit^'<mm9 0^=^:^^ 

mt^i^^/umi 0 1 vm^^ti^ 2mmmm^^^z^ 4o 

^:^^?\^mi 0 2 irr^fb^^^Mi 0 3-c^fi^$n^ 
2^«a§M^^J?>l8fc^m 3±(::59:tt?) w i: J: !? . . jfe;^ 

[0 0 6 8] t^^^ Kl^mitm<ot^Ptt br-ggfb^-Y 
^^:5:^^b^i^^y^^^v^:fc^^ (14) s^^otw-r^ 

[0 0 6 9] 4 &t;t^ 5 ^]SJgfii-Ct^^;d-y^ ]) 



#1^^8-1 9 0 0 1 9 

16 

H>'S5^^2 0±lC^m<*:i^5 0;&S:tta^^/ct>O-Cfc 

^^lt/2^^og:^g5ih^lcov^T]^&-<y^^^ s^e^^o 

[0 0 7 O'i ^t:i^)hmmmz\±. T>^7-r K • ^3?^^ 
^ ?/i5^;^2 8^ (1 9 8 9^) B2 4 6 6M;&^ibm2 4 
82K (APPLIED OPTICS Vol. 28 

(1 9 8 9) P. 24 6 6-24 8 2) lC^$i^-CV^<5 

(2N+1) X/4 UnAMi-^t^<D^-^^ N*i@«J 

») •c^$^^^^atriov^Tl/4^S:g«^D^4®^^i--5 
s*txfi:^ie>^«M3Ji-ccD^$r. ^^mmmsi^m 

[0 0 7 1 ] ^:fc£il-ho^lli£?^S-eft. v^-fi^t>S« 
A ^: y ^ ^ >- U - h CO #B ^ >^ V ^ T t i» - * t> 

sco^tJ^t Lr5:i&{b:5^>^^/^^^VNys:^^ E.mt^:^ 
(WO3) J^^^bf:^-^:^ (III) (Biz 

03) ^^o^m«t3^$:ffiv^Tt>mv^ mmmnm\t 

- 4 9 5 0 8 -^^^-^^I^^BS 63-312970 -§-4^^^ 
#B^) o 

[0 0 7 2] (^6 mmmm) m^m i ^o^t^^^^A. 

m2(D^^mi'B. S.t/^3C03fe^^^C<0f^<0lo$: 
ffiv^yti^ 1 KI;lov^XI^il^i-So lai 2«:S6 

v^-c*^:x 3fcaii2o. =2y pc— ^u^'Xi 2 

Ix ^^^^1 2 2 (*:^I^^AX(iB3lftC) . 
U>'Xl 2 3. mi(0^^m^l 2 5. ^2<D3teittiS§ 
1 2 6t:^hXmWL^fh^. 

[0 0 7 3] %^m^ 1 2 2 fi. m^m^^ 127%: 
^-t--5©d5^i^uvXl 2 3^crfi]^*V^fcV\ 
tT5:/D h>-S?^i 2 8Sr^ri-^)®^5=y 
XI 2 1 tcrS);&^v>3r>5 <t 9^cia@$i^-cv^^^o "^itm^t 
3t^^(i='y ^-^jri/vXi 2 1 i:^:ti^u>Xi 2 3 J: 

vh^(i^feu:/Xi 2 3-e®)1^:$i^. tt^m!^»l 2 

[0 0 7 4] z<oxv\cm^^ttitmi<oyt^ryy<oW} 
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(10) 

17 

^^fhitmM^'ft(0%\'±^ =2 y pt^^ w>xi 2 1 -c^ 

2 4 J:tcm^t^i^^o 5^tc^|B^j«*l 2 4 
2 2lcA^^i^^o 

[ 0 0 7 5 J 12 2 -Cfi. Rig^CQ^fi^J?)^ 

u^<D^\iutft^m^no^^ h^^i^^m i 2 s-cisf^ 

1 0 0%co[pl^^^T[Hj^$h.. ^ 1; Ui^Xl 2 

1 + 1 ^<o\B\^^nyt^m^ 12 5 idAM 

[0 0 7 6] 125. 126(C:J:oT. ^t^m 

mi^l 2 4±\zi6^;y^yt<D^^Vtm^yj^'r':^:t-:fy>^m 

#§S5S 62-137736 -^i^^^#§|BS 6 3- 

2 2 9 6 4 0^^^/irif) ^il^T-t ^UT. IS^ . 

u r V ^ V > >^ ;r - jilE L :^;^ife-e# ^ i^ 

iS^j^<*:i 2 4Jb^cm3fe^i^^<t 9tc^ifeu^^Xi 2 3 

^^'^V^^Hft-i-lcg-^^. ^^3tlB^jSt($:i 2 4± 30 
o0fM<Dh7 5';J'tc«3t ^ix6 J; 9lw^igbu>'Xi 2 3 

(o^m.timm't^o ^ti. imm^i 25^1/1 2 6tr 

[0 0 7 7] tftlBO, 4^^flS 62-137736 ^■^J^^n 
^#^BS6 3-2 2 9 6 4 0 -^^^/cC if (C^$ttrV^^> 

5fc:^rsjtcJ:!?AM-r^*^i 0 0%toSig^-eSii-rs 
L<iii 0 o%coiH]^^^-eiH]jff$-^5o-e. ffi 

ti^X\i^^it^-y Klcit-<T. ^;^^^i 2 2^^V>5C 
ll:^?^Ji03fe^^^ 1 2 2ti3fe<^AMft»^fiFtt;65/J^$v^ 

[0 0 7 8] {mrmmmm) mi<D^mm^A. ^2 so 



^mW-B-l 9 0 0 1 9 

J8 

c03fe^^^B. Strm3O3fe^^^C£0F^(0lo$^^V^ 
^c^2 03t-^y K(c:oVN-Clft?!i-^»o 0 13^:^203^ 

^5' KO^^(3Tfc^><, la 1 3tCi^V^T. E! 1 2 tl^ — 

2 2it. ^ibm^mi 2 7 ^^w-^^mtm^ui^x 

1 2 3l::^^;!^^v^fev^. i^^fe^^^tr 9 t'd K i 

2 8 $r^-t-5®i6^3t2J^ 12 0 (crS]d>v>fo p J: 9 tciES^ . 
i^r^^5o /.t^sS l 2(D3t-^:y Ki^<t!3. m^tafei^^ 

[0 0 7 9] 5?:t-. ^ 2 (Dtft^v Ko^ibm-ov^xm 1 
3$^ffiV^-CIiieg-^^>o 3!e:2il 2 Od*<btii^$ixyhKjia{g 
3fecD3fe(i. *^^^1 2 2Srl5*^ 1 0 0%(OSii^-CS 

<Sc CORig3fe<03tfi^«?i^>'Xi 2 3JCJ: 

^^1 2 4±\^M^^^^o 5^(C*;iB^j^*l 2 4d^ibS 

^^:h.yiRi^*:<^3tfl. ^ttifeiU^'Xl 2 3^SiiL:^ 

3t^^^ 1 2 2 ^cA«^i^5o 
[0 08 0] 3fefi. yt^m^ 1 2 2 iO:^is?)^§j^l 2 7 
•CRffi3td-^. 3feail 2 Od>ibttJ^^ixfc3tO{13t:^rS) 

03t*i{i3fe5>^^fT 9 T'ci h 12 8 TlSf^ 1 0 

0%O[H]^a)^t?[H]^^$^^. :i<Dm^^Mzyt<Do'h. 

+ 1 iS^^tfim 1 (oytikm^ 1 2 5 dAft^tv. - 1 j^^t 

fi^2(03ie;t^ai^l 2 eJwA^^ix^o +l^^31f:;&>'b:7 
it. -H^3td^^^iBI§:|^^^l 2 4t;iiE^$nfc^^cr> 

[0 0 8 1 1 m203t^:y Ki:I2l 5 (c:^^3l$<D3t-^ 

:/^<t 5l-3fe<?5AM:^t-;^^<ft#i-^o <fcoT. 3tail 
5 l;&^e)m#t$H^^^JfeSr3y p^-^UV-Xl 5 3-0 
W^%\^\.X\/ A^3M \ 5 4lcAML>^j:tttbff/jrf> 
/<^^v^o Ud-L. :*:^:^J^^-e(i. 3t^^^l 2 2<^f^ffi 
fi*(OAlt:^tcfo^ !?J^#^§:(t?^^V\ t^^oT. y y 
-;$ri^:/XSr^v>r3tail 2 0^^^o%^3tS^¥^^T3t^c: 

i-^i^:^^ds/jr<. itm<\2Qit^h<o^w.%^')t^n^\ 

[0082] 8 ^JfeJ^ffi) »:tcm 1 O^fe^^^A. 
^ 2 <^3t^^^BS.U!^ 3 <0%^^0<DJhi<r> 1 

Y(Dm^mx^^o mi 4lc:^3v^x. mi 2(D3fe 

i-<5o :L(Dmz<o%^^y YX\±. 3t<D3tKdi=ry>-:5r 
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(11) 

U:/Xl 2 1 t^i^UvXl 2 3C0^T*^ 7— 1 4 1 
[0 0 8 3] a)t3t;^^(i='y u:xXl 2 1 i:^ 

2 2 mi 4 ir^-r J: 7 ic. m^mmm i 2 7 ^^^-r 

Xn 2 8€r:^i-5®;&^^^-l 4 1 (CfSid^ 

3 ir^^^^^l 2 2(i— ^*:{t:$i^TV^5o ^oT. El^ JO 
ICct ^i^UVXl 2 3 2 2(i[^ffi5F;c<fi: 

10 0 8 4] -:>^*\:L)^±<D^b\m^^fhtz.mz<0^^ 
fciijglii5t<?3*fi. =3 i; ;^ — uvX 121 -C^tDfetc 
2 2$ria(^l 0 0%OSig^-CSi§L. 

<oit\±n^\^:yy<i 2z\^^^%umm^i 2 4±icm 20 

3fe^i^^o 2 0d*t>3tfB^iS^fls:-.<Dffi[S 

ti^^-e^L. 2 2d^ib3\S;«imiil 2 5.1. 

[0 0 8 5] "ft^mm^ 1 2 4 ii^hK^^^1-z.n^%(r> . 

1 2 2<r>^}hmmmi 2 R<i5fed^ib5taii 2 o<d 

•cis*^ 1 0 o%coip]^^^-ciHi^$n. w(o[H]^$Hfc 

^-1 4 1 ■r:^fti]^^^ibix2>o JO 

[0 0 8 6] ^^^y W:/Xl 2 1 $:gigb;fe:^-1^9c 

2 5 lcAM$i^. -I3:3t»i^2 

v^v^i^^m^^^. 'mmiymi2 4\z.^m 

[0 0 8 7] ^i&5l5-et5^-^!y K^/hM<ki-6:fcJ^>tc. tR 

^^S?^ffi•C^l^53t^^^^il/4^^:g:Ei: UTO^i?) 
IS^l 2 7<^i?$dS2. 6 ;£m-C<tV\ ^ CO^i: y 

[0 0 8 8] /jris. ^8^J®j^®-cW:=»y ;^-^^U'>'X 
m203t-^y Ktc§i-r^^7^j^jgfli-eai:£-<fc<t 9 



^^5}£8- 1 9 0 0 1 9 

20 

y ^ U>-X^5<^V^tI^|^XmiHMb^:fV^^OT^g:€i^& 
[0 0 8 9] 

m 1 ] ^^m(om i (oit^m^(om^^7f^'tmmm 

[l§i2] |glt??*=¥^^^$:SiaUfc3fei:. 

[1213] vt^<Di/4m,^^tu'ft^mm^h^^r>^ 

[EI 4] ^^1 / 4m^m^<OXM!k:^7r:'tmmm 

ms] mi(Dyt^m'F\^isi'f^^(Dm^m^^-rm^ 

[13 6] :^^m<D^^m'T-<Dmi(omm:fj^^yr^'rj:m 
m 

[El 9] :^^m(Dm2<o>t^m'^(om^^7jk-rmmm 

[Ell 0] *^igom3 0)ti^^^co^fiK$:^i-Klf®El 

[laii] 2mm(DR6tmnn\cmy^^^y<'7P^-'^^7r 

[mi 2] 5f:^l^omiO*--y K<^«fi&lll 

[Ell 3] ^^m<Dm2<D^-^^y h*<om^m 
[o 1 4 1 3 <D5t-^y Ko^j^Ei 

[[a 1 5 1 v^m<oyt^y^ h*<Dm^m 

2 :fvth i^i^^ 

1+2. Jj^DtJ^^-^^^ 

3 mibmmm 

5 0 ^mi^i^ 

6 0 tJ^i^^/wM 
6 1 l^i^>^ h 

9 0 -^{k^^^^l^ 

9 1 m^^m 

9 2 :7 5/{k-r:r4^i.'e7i.i^ 

100. 10 3 nmt^^mm 

101. 102 s^jbtS^^'^^'H^ 

120 ytm 

121 3 ypt— ^uv'X 
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21 

1 2 2 tt^^^A. BXtiC 
12 3 

1 2 4 3fciB^jSt{$: 



22 



12 5 mi (o^tkm^ 

126 ^2(03t^£iJil 



[lai] 



1^2] 




[@4] 




dl 



15*2 



50 50 



[136] 



> 

3 



[13 7] 




[@9] 




(a) 



(b) 



(d) 



(e) 




60 2 



t 

92 




102 



103 




-12- 



(13) 



1 9 0 0 1 9 



ms] 



111] 



1121 



\ 



124 



(b) 



(c) 



(d) 



na 



^60 



n2 


d2 ) 


, n 1 




nS ( 





Iiai 5] 



125 



120 
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(14) 



Itp^S- 1 9 0 0 1 9 



mthB] W-&7^1 IMB^ 

i^mmiE 1 1 

[12 2 1 :^^m(Dmi (otft^m^^m^vtittt. ^ 



•7 a h^— i^C0igc# 
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